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Introduction. Hydrocarbon fuels such as gasoline, natural gas, or metherio¢ing considered
as thehydrogen sourcéor PEM fuel cell systemdor transportation applications. Thpartial
oxidationand steam reforming processased to generate hydrogom thesehydrocarbon fuels
produce hydrogen-rictyas streams that contaicarbon monoxide(CO) and possibly other
contaminants at levels that hurt therformance oproton exchange membran@EM) fuel cell
stacks. A gaslean-up reactoremoves thecarbon monoxidend contaminants to levels that the
PEM fuel cellcantolerate. Transientexpected intransportation applications presentdesign
challenge for a gaslean-up reactor, abe flow ratesand gas compositionshange ashe fuel
processor generatéise hydrogenflow to supply the varyingpowerneedsthrough adrive cycle.
Limitations on the transienperformancemight limit the applicability of hydrocarbon fuel
processing to transportation or may require more batteries to handle load peaking.

The Fuel Cell Engineerindeam atLos Alamos NationalLaboratory has beenesearching
methods for controllingarbon monoxidendother contaminants emitted frohydrocarbon fuel
processors. Our recent focus has beetherdevelopment ofjasclean-up reactorand associated
controls for transient gasoline fuel processing and to develop computer models ottubges for
analysis and design tools.

Transient gaslean-up experiments have beesnductedwith a Los Alamos prototypeeactor
operating on the principle gifreferential oxidatiofPROX) of carbon monoxide over eatalyst.
Our current objective is to demonstrate PROX hardware at an automotive sck\W g5 juivalent
flows) with the capability to control outlet C@oncentrations to fuel cell quality through
transients that might bencountered in aautomotive application. PROX operatiegperience
was acquired in our expanded experimental facility and in collaboration with industrial partners.

50 kWe PROX and Test Facility. A 50 kWe modulaPROX testreactorwasfabricated. The
PROX reactor shown in Figure 1 is a four stageicewith an inlet gas conditioning stage and
three active catalyst stages. Transient performance is impameaierall volume isreduced by a
regenerative desigwhich incorporates heatxchangeand air injection and mixing within the
length of the catalyst volume. Amodular flangeddesign allows catalystsand catalyst
configurations to be changed and the internal geometry to be reconfigured.

The Los Alamos PROX experiment facility was expanded for testing at simuédicechate flows
equivalent to a fuel cell operating over ttamge of 10 kWe to 5&We. Hydrogenflow capacity
was increased to 140 kWch (based on the LHMNg with the flows of nitrogergarbon dioxide,
and steam to allow simulation of a wet gasoline reformate at these flowdatBaequisition and
control system wagxpanded toprovide atransient control capability with the ability teary
timing of controlparameterand tosimulate transient flows that migltome from areformer.
Transient measurement capability was expanded by the addition of on-liamajgsers foicarbon
monoxide, methane, and oxygen.
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Experimentswere conducted to characterize the ——
steady-state performance of the 50 KRROX, to L Gas Inlst
identify the response of the PROX to transients ir.
flow rate and gas compositioand toidentify CO
control strategies for these transients. The set ¢ Inlet Gas
experimentsreported here wereonductedwith a Cog?gigoging
synthetic gasolineeformate(36% H,, 28% N,
17% CQ, 17% HO) with varying inlet CO
concentrations.

First
Variables involved inmapping the steady-state Cgttgg‘:t
performance of the 50 kWIBROX include overall
flow rate, inlet CO concentrationand inlet
temperaturesetpointsand oxygen stoichiometries
for each ofthe three stages. As an example of ggtﬁ?;l;gt
steady-state characterizationtbbe PROX, Figure Stage
2 shows the outlet CO concentration as a functiol== =5
of overall oxygen stoichiometry for althree
stages of the PROX operating on 1@W/ch Third
gasoline reformatewith 8000 ppm CO at the Catalyst
inlet. Thesecondstage outlet CQoncentrations Stage
were measuredith the first stage operating at an e
oxygen stoichiometry ofl.2. The third stage Reforrate
outlet CO concentrations, ranging from 45 to well OGuatlISet

below 20 ppm,were measureavith the first and

second stages operating at an overall oxygenrjgyre 1. The 50kWe modularPROX
stoichiometry of 1.2 and 1.95, respectively. assembled in the Los Alamos test facility.
The external plumbing connections shown

Two types of transient response experimew®  are the air injection manifoldsand the
conducted with the 50 kWBROX. The firsttype  ¢qoling-waterinlets and outlets for each

was measurement of theutlet CO concentration  gtge.

response to a 90 second puiserease inthe inlet

CO concentration frol8000 ppm to 12000 ppm. Thigsponse is shown in Figure 3 for two
cases: one where the air injection flow ratese held steadthrough the pulse (no control), and
onewherethe air injection flow ratesvere heldproportional to the inlet CO flowcontrolled).
With no control, the inlet CO pulggroduced aroutlet CO pulse rising from approximately 30
ppm CO toabovel500 ppm CO. With control, the outlet Gfncentration wakeld constant
through the transient. Thigxperiment
illustrates amethod ofoutlet CO control
with a transient inlet CQroncentration at
constant overall flow rate.
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The second type of transient response
experiment is illustrated in Figure 4Here,
2000 a stepincrease inthe overall flowrate was
made from 50 kWch to 10R0Wch with the
\\ inlet gas composition held constant with an
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inlet CO concentration of 8000 ppm. This
type of transient simulates ancrease in
power demand from fuel cell system. The

Oxygen Stoichiometry

Figure 2.

shown for thethree stages othe 50 kWe
PROX.
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Outlet CO concentrations as a figure illustrates that thetiming of the
function of overall oxygen stoichiometry are

increase in air injection flow rates gsitical
to control of the outlet CQroncentration.
A small pulse of 65 ppm CQnagnitude
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was observed when the air
injection flow rates follow the | m e oo P G
total flow rate increasewhile no ¥

pulse of CO wasobserved when 1500 [ 4 00
the air injection flow rateswere
increased beforthe total flowrate
increase.
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ADL / LANL / Plug Power
Fuel Cell Demonstration on
Gasoline. A standalonePROX
subsystem waslevelopedfor use ‘

in the demonstration of a gasoline- .m‘; Faeyj
poweredPEM fuel cell system by Y [ N A e °
the team of Arthur D. Little Inc., R A A A [
Plug Power, L.L.C., and Los 0 50 100 10 200
Alamos  National Laboratory.
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That subsystem wadesigned and Figure 3. Outlet CO concentratiomseasured as a
fabricated based on a scalddwn function of time for a 90 second pulsettrease ininlet
version of our 50kWe PROX CO concentration fron8000 ppm to 12000 ppm as
concept. Operatingoints for the shown by the inletarbon monoxidélow. The overall
air injection and temperature flow rate corresponded to a 50 kW(thased onLHV of
setpoints to obtain outlet CO hydrogen)synthetic gasolingeformate. Air injection
concentrations below 50 ppwere flow rates were held constant for the Bontrol curve,
determinedduring alimited period while air injection flow ratesvere heldproportional to
of testing at Los Alamos the inlet CO flow for the Controlled curve.

The PROX subsystem wasuilt

into astandalondest standwith a 70 R— 1100
LabVIEW data acquisition and ; /

control system at Los Alamos and 60 - f—Jﬂ* 1000
then shipped tothe Cambridge, i I % oo

MA, laboratory of Arthur D. .
Little, Inc. (now  Epyx
Corporation) where the PROX
subsystem wamtegratedwith the
partial oxidation (POX) fuel
processorand fuel cell system.
Successful system testswere
completed with the system i
operating on both gasoline and ol ‘ ‘ ‘ | | | 400
ethanol feed streams, with the

PROX effluent typically
containing less than 50 ppm CO Figure 4. Outlet CO concentratiomseasured as a
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and below 20 ppm CO for function of time for a step increase in overall floate
significant stretches of thdest. from 50 kWch t0100 kWch asshown by thecurve
Both the Plug Power fuekell labeled LHV H2. The inlet gas composition of
stackand a Ballardvik.VV fuel cell synthetic gasolinereformate is heldconstant with
stackwere operated othe PROX 8000 ppm CO.

effluent.

Figure 5 shows a time snapshot of the data recorded on the outledri€éntration of th®ROX
operating on gasolineeformatefrom the ADL POX fuel processor. During this time snapshot,
the PROX was operated steady-state with fixed air injectiatemperaturesetpoints. Transients
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in the outlet CO concentration were measured at requtanvals possiblycaused byariations in
inlet CO concentration to th®ROX, other variations in gas composition, or variations in total
flow rate. Theseobservedtransients suggestedthe need for transient PROX control and
performance and motivated much of our research and development this year.

PROX Modeling. Development of
computer models o0PROX operation

o0 oo G | | e e is a key part of the LANLPROX
800 . . . . L5 technology development. Wedave
E ] completedwork on a computemodel
700 1 Y 1 of steady-state operation of 0BROX
s }os concept, and have used it fizing of

oL components such as theheat

exchangersinvestigatingscenarios of
operation such as variation dfow

ratesandinlet CO concentration, and
for experimentabata analysis. Outlet
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s00 f 1. gas composition fromeach stage is
s ] predicted based on 4-D plug-flow
g x Al Po reactor modelvith an empirical fit to

data from our single-stage experiments
— conducted last year.  The model
E incorporates  calculations for the
E pressure drop through the PROX
internal passageand for the gas to
liguid coolant heatexchange in the
[')5000. * .5200. * .5400. .56:)0. * .58IOO. * .6000. * .6200. * .64-00 InterStage gas COOlerS Work IS
Elapsed Time (sec) progressing toward the goal of
developing models of transieRROX

Figure 5. Outlet CO concentration as a function ofoperation withdetailed reactor models
time from the PROX operating on gasolirdormate  incorporating chemical kinetics and
from the Arthur D. Little multifuel processorPROX  heat transfer. These modelsll be
air injection flow rates were held constant througts ~ usedfor experimental analysisiesign
time period. The range 0-100 ppm COeiganded to andoptimization, anddevelopment of
show the detail of the outlet CO concentration. control system algorithms.
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Future Work. Future work will focus on theevelopmengandrefinement ofPROX technology

to meet therequirements foPEM fuel cell systems. The existing 30Ne PROX and
experimental test facility will be used to conduct parameterization and optimization experiments to
supportdevelopment of aransient PROX model. Partial oxidation fymlocessors fronboth

Epyx Corp.andHydrogen BurneiTechnology will beinstalled for experiments on fuel system
integrationand performanceand for comparison of reaversus syntheticeformate. Wewill
continue to work with industriapartners such as Energy Partners to integuatetest LANL

PROX hardware in their fuel cell systems.

A secondfocus for future work is the refinement ®ROX technologyfor commercialization.
This includes catalysievelopmentand optimization for the automotive environment. désign-
for-manufacturing exercisbegun thisyear will continue. LANL will work with industrial
partners to develop improvecbncepts for manufacturing engineering appliedthe PROX
including sensors, controls, and reactor design.
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